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Abstract

Even=even transition intensities 1ncrea§e with mono-
substituti on but decrease with opposed disubstitution. Even~odd
transition intensities which increase with monosubstitution must
inerease further with opposed disubstitution,

Determination of parity in this way may settle disputed
assignments., Thus the ;Alg - xszgﬂhtransition of bengeune is
probably at 1700 A, The first singlet absorption c¢f naphthalene
is lAla - 1slu or lAlg - 182\:. and cannot be 1A18 - 1A18 even
though the cancellation of transition matrix el ements (Irom
configuration interaction, in the one~ele:tron approximation)
gives it an intensity and vibrational structure similar to those
in a forbidden transition,s The visible bands of porphine are even-
odd (a2u"°g lAg - lQuo)y

Intensities in the 2100 A transition of phenyl derivatlives
are being remeasuvred to settle its assignment in benzenc, since
exis ting data give conflicting results,
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In meclecules with a center of symmetry, transitions from an
evcn ground state to an even excited state are forbidden, but may
becone allowed if substitution perturbs the symmetr;, The intensity

of the obaerved absorntion then increases, especially in the 0-0
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vibrational band. However, disubstitution by the same substituents
at exactly opposite positions restores the symmetry and reduces the
intensity azain to nearly its original value if the vibrational
interaction which makes the absorption visible is not too greatly

altered by the substitutione The "spectroscopic moments"1 of cqual

1re Re Platt, J. Chem. Phys. 19, 263 (1951).

substituents at gposed positions therefore exactly cancel for an
even~even transition.

Similarly, by first-order perturbation theory, the speztro-
scopic moments of equal substituents at opposed positions must add
for an even-odd transition, giving approximately four tines the
intensity chunge produced by one substituent alone.1

These differences make pos3ible the unambiguous determination
of the parity of every spectroscopi;aliy-observed excitcd atate of
a centrally-symmetric molecules In many cases, this information
alone will ssttle disputes over assignment of the statos to theore~

tically=predicted wavefunctions.2

2J. Re Platt, J. Chem. Phys. 19, 101 (1951), eSpe ppe 115-6.

Thus, the 2100 X transition of benzene which was long assigned

1 o | 3 ) 1 w 1p 4
as Alg Blu has recently been proposed to be Alg ng.

3C. Ce Jo Roothaan and R, S, ifulliken, J. Chem, Phys, 16, 118

(1948) .

4D, P. Craig, Proc. Roy. Soc. 200, 401 (1950)3 R. G. Parr,
De Py Creig and I, Go Ross, J, Chems Phys, 18, 1561 (1950),
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This proposal has been made in the implicit faith that certain
approximate energy lovel calculations including confizuration
interaction must 3ive the ccrrect sequence of excited status; sven
though t he absolute values of ensrgies given by calculations of
this kind are frequently in ecrror by 2 ev. and more and the diffor-
cnces between the different approximations used by different
camputers are often much greator than this.4

Unfortunately the available data in the literature on inten-
sities of the correspcnding transitions in mono= and di=substitutsd
henzenes with moderately strong substituents cuch as OH, NHy and
COOH are scanty and conflicting, They are also partially invel-
idated by use of polar solvents at unspecified pH values, Ve are
now engased at this laboratory in remcasuring 8ome of theso
intensities in non-polar solvents in order to settle the assizne-
ment of this transition.

Pending the outcome of these measurements, it seems norec

1

A

likely that the forbidden = 1E2a phenyl ff=electron trancition

1z

is the relatively weak peak ncar 17C0«1730 A. which is not clecrlsy

scen in benzene itself but appears in toluene and in o= and mexylcne,

becoming weak again with opposed disubstitution in p-xylcne.5 Such

intcnsity behavior indicates that the observed peak 1s probably

3. R. Platt and H, B, Klevens, Chem. Rev. 41, 301 (1947).

-—— —— -

cven=cven, supporting this assignment, which was proposed for it

oarlier6 bocause it lay on a smooth scquence with the othcr cvene-

- —— ——— ——

Je Re Pl&tt’ Je Chem. Phys. _]_.:’_, 484 (1949)’ C3Pe Po %91,

6
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éven evg 13 - 1Cb trnnsition36

in naphthalene and anthraccne
vhich showed tho samo kind cf incfease of intensity with loas of
central symmetry,

The intensit:: of this 1730 A peak (f about 03 in the xylenes)

7
Seems to great for a Rydberg transition (f about 0,03 in ethylene ),

77+ Re Platt, He B. Klevens and Vs Co Price, J. Chem. Phys.

17, 466 (1949),

especially an even-even one, but is reasonable for an cven=even 7/~
electron transitions® And its position is within 2,000 em™* of the
position predicted for lAlg - lEzg by either the free=<lectron or

the LCAO=~overlar method (with = 20,000 cmfl; and assuming
spect

the singlet=triplet scvaration is 4000-10000 am™1l), This is signi-

ficant because thise w.2thods are successful to this accuracy in

predicting some :{ excited states of other ring systems.e’e’9

BH. B. Xlevc.s cnd Je. Re Platt, J. Chem. Phys. 17, 470 (1949).
93. R. Platt, J. Chem. Phys, 18, 1169 (1950).

- - - -—

Similarly, th: lowest singlet transition in naphthalene is
certainl: even=odd «c shoim by its increases of inteasity in 1,5~
and 2,F-d1chloronaphtha1eues.1 This confirms its assignment as
1 1 10 a3 L 6 1 1 10

Alg - Blu or A = <Ly (or possibly Alg - “Bo, ) and
nakes impossible its asasignment as lAlg - lAlg, 11 in spite of its

105, Jacobs, Proc. Phys. Soc. (Lond.) 62, 710 (1949),

11D. P. Craig, Disc. Far. Socs 9, 5 (1951) .

o ——

low intcensity and epparently forbidden t;pe of vibrational structure,

12 This shows clearly that the "accidental" cancellation of trane
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lIe Sponer, privatc communication,

Sition matrix elements in a formally=cliowed one=electron transi-
tion (such 2s this one is if it is even-odd), due to the effect of

configuration interactionlo

in producing a high "effective angzular
momentum® in the excited state,6 can make such an allowed tranaition
rimic the apoouarance of a forbidden one not only in its low inten~-
sity but clso in its vibrational structuro. Therefore, in a com=-
plex molcocule neithor the intensiiy nor structure can be relied on
for proof that an observed transition would not be formally
allowed in the one~electron approximation. 8Since the thecorotically-
predicted encrgics or sequence of energies are evidently also no
more than a rough guide in assignmonts, the perturbation method, or
comparison method, emergos as an especially useful guide to classi-
fication of electronic stotes, at least when tho obsorvcd changes .
can be interpreted, as in these cases.

The visible bands of porphine cre belioved to represent
another case of o formally~aliowed one=clectron transition which
is rclatively weok ané prosumably "accidentally" forbidden by the

sanon mechanism;5’14115 and which hcs a weak 0=0 band (cspecially

- — - e—— o——— o et — e - - .

law. Te Simpson, J, Chem, Phys. 17, 1218 (19:9),

14y, Kuhn, Chimia 4, 203 (1950).
15y, ¢, Longuet-Higzins, Co We Rector, and J, R, Platt, J.
Chom. Phys. 18, 1174 (1950).

—— - — o —— - -

in the salts or hydrcchloridcs,16 whore the D

4h symiietry is strictly

165, G Erdmon and A, H, Corwin, J. Am., Chem. Soc. 68, 1835
(1946)
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obtained) but which is neverthcless certainly even<sodd, os shown
by di~ and poly~ substitution offects on intensities in the

7
porphyrins.1 If wc treat tho removcl of a double bond from the

17J. R, Platt, "Electronic Structure and Excitation of

Polycnes and Porphyins', Chapter 4 of Volume III of "Radiation
Biolosy", od. Sterling Hondricks, McGraw=Hill, in press.

porphine ring an a pcfturbation, the addition of tho rosultant
spoctroscopic moments for bactcriochlorophyll, with two oppositc
double bonds romoved, accounts for thoe fact that its first rcd
band is about four times as intonse as tho first band in the chlor-
ins which hove only one double btond rcmoved., This demonstratcs the
ovcen~odd character of the transition and shows tho cpproximate
validity, cven with these drostic changos, of the firsteorder

perturbation theory.
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